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SYNOPSIS: In the area of "AKTEA", a summer-housing estate 36 Km away from the city of Athens, a great 
landslide affected the stability of a semi-bridge, constructed in 1980 for the widening of the nearby 
national road. Preliminary studies carried out before the semi-bridge construction and after the ob-
served damage of most of the houses in the uphill area, favoured the existence of a very superficial 
creep affecting however the one or two storey buildings of the summer-housing estate. 
After the semi-bridge construction, instability phenomena continued in an increasing rate and a more 
systematic geotechnical investigation revealed definite landslide movements (instead of a superficial 
creep) in a depth 2.5 to 4.0 metres .below the foundation level of the piers of the semi-bridge and in 
a depth 6-8 m below the road level. This .Paper describes details of the above landslide, the investi-
gations carried out and the remedial measures suggestsd. 
INTRODUCTION 
The national road from Athens to Sounion, 68 Km 
long is of paramount importance since it is the 
main coastal road connecting the city of Athens 
(Greece) with the archeological site of Sounion 
passing through a series of coastal boroughs, 
and some of the most picturesque· bays of Greece 
(inset to Figure 1). Serious slope instability 
problems have been observed between the 35 and 
37 Km on this road. In particular the road and 
the nearby summer-housing estate of "AKTEA" lo-
cated in the 36th Km have been affected by a ma-jor landslide. This housing estate was built in 
1972-74 in a hilly region (40-60 meters above sea 
level) and in an average distance of about 16 0 
metres from the nearby coast. The national road 
passes downhill from the housing estate of "AKTEN', 
in an elevation of about 25 metres,separating the 
above estate from the coastal area (Figure 1). 
The slope inclination varies between 15°- 18~ 
although locally much greater values can be obser-
ved. The slide has been active with intermittent 
movement for more than 30 years. It began to 
gather interest in the late 1960•s as the summer-
housing estate of Aktea was going to be founded 
and the old national road to be widened. 
Before the estate was built a visual reconnaissa-
nce conducted by Kotzias and Stamatopoulos (1970) 
revealed some characteristic features of instabi-
lity in the uphill region of the road, such as 
scarps on the ground and disturbed trees with ob-
vious bends in their trunks. After the comple-
tion of the buildings construction some rather 
severe damages were noted (Figure 2) and another 
study was conducted by Muller (1976) which inclu-
ded borings (depth up to 40 metres), shafts(1.5 
m diameter and up to 25 m deep) and a survey for 
levelling and measurement of horizontal displace-
ments of slope surface. The results of this stu-
dy led to the conclusion that the slope movement 
of "AKTEA" was a creep phenomenon (with·· a rate of 
displacement varying from 0.1 to 0.4 mm/day) 
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B: Borehole 
P : Piezometer SARONIC GULF 
Fig. 1 Plan View of Slide Area 
affecting the whole area of the estate which co-
vers a surface of about 12000m2 • 
It must be noted that such sliding phenomena are 
easily noticeable in adjacent areas and very clo-
se to the national road as can be seen in Figure 
3 where damaged and abandoned buildings due to 
landsliding are shown. 
Later, in 1980, in order to widen the national 
road in this region and after taking into account 
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Fig. 2 Tilting of a Retaining Wall inside the 
"AKTEA" Estate 
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Fig. 3 Damaged Buildings due to Landsliding 
the creep phenomena observed, it was decided 
that the best solution to the problem was by a 
semi-bridge construction. The piers of this 
bridge were founded on the sound rock and in a 
depth below the unstable superficial creep zone. 
GEOLOGICAL SETTING 
The broader area of "AKTEA" consists mainly of 
neogene lacustrine deposits, of a thickness more 
than 100 metres, overlying the bedrock of Trias-
sic· marble. These deposits include alternating 
layers of conglomerates and clayey or sandy marls 
with lenses or thin intercalations of sandstones. 
The conglomerates are well cemented and polymic-
tic with a prominent joint set almost vertical 
to the bedding. The marls, brownish yellow or 
greyish coloured, are fissured and often lamina-
ted, and present characteristic polished surfaces 
with striations (slickensides). The intense mi-
crofolding and microfaulting of these marls re-
sult locally in a variation of the dip of the 
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strata which generally is opposite to the dip of 
the natural slope (dip direction of strata 10°-
300ENE) • 
The geological reconnaissance of some outcrops 
near the coast and of large excavations for 
building foundation close to the studied area, 
revealed characteristic features of synsedimenta-
ry faulting and slumping which disturbed the ori-
ginal structure of these deposits. Furthermore, 
a surficial zone of varying thickness (2 to more 
than 5 metres) was observed in which a rather 
great disturbance of rocks had taken place in the 
past probably due to a hillside instability which 
occurred. during Pleistocene or even earlier. In-
terpretation of old aerial photographs taken be-
fore the "AKTEA" housing estate was built, showed 
typical characteristic features of active land-
sides such as scarps on the hillside and vegeta-
tion disturbance. 
Finally, regarding the underground water condi-
tions, the existence of a permanent water table 
is unlikely, since the water percolating the sur-
ficial zone flows through the strata of conglome-
rates and away from the slope. The percolation 
of underground water results, during wet seasons, 
in the moistening of the interlayers of the marls 
but probably without any _ pore pressure develop-
ment. 
PROBLEMS RELATED TO THE SEMI-BRIDGE CONSTRUCTION 
The semi-bridge which was constructed for the 
road widening had a total length of about 60 me-
tres and 12 spans with the sections of the road-
way slab freely supported (Figures 4 and 5). Du-
ring the excavation for the foundation constru-
ction the slope beside the working space was near-
ly vertical and without any temporary covering 
or support. 
The rising piers have been backfilled to a new 
working level about three metres under the level 
of the existing road. The cross section of the 
rising piers was 0.8 X 0.8 square metres with a 
Fig. 4 View of the Semi-bridge and of "AKTEA" 
Summer-housing Estate 
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Scale 1: 100 varying foundation level 
Fig. 5 Cross-section of the Semi-bridge and Details of Excavation and Backfilling 
height of about seven metres. The construction 
of the piers was made in sections in order to 
avoid any risk of slope failure uphill from the 
semi-bridge. At that time the depth of the foun-
dation level was considered to be satisfactory 
and in any case greater than the depth of the su-
perficial creep. 
A strip foundation (bearing chair) was construc-
ted along the middle-line of the new road at an 
elevation of about three metres below the level 
of the existing road (Figure 5). The whole 
structure included also two wing-walls founded 
at about the same level as the piers. 
However, two years after the completion of the 
semi-bridge construction some cracks appeared 
in the road-pavement and a rather large inclina-
tion of the wing-wall of the bridge was observed 
as it is illustrated in Figure 6. In addition 
a gradual loss of alignment of the piers and an 
offset increasing with time was observed as it 
Fig . 6 Wing -Wall Tilting and Repaired Road 
Pavement 
is clearly shown in Figure 7 . These phenomena 
continued . in an increasing rate and an extensive 
investigation program was planned and carried out 
Fig. 7 Loss of Alignment of the Piers of the 
Semi-bridge 
in order to have a better understanding of the 
cause of these movements and propose some reme-
dial measures to solve the whole problem. 
FIELD AND LABORATORY INVESTIGATIONS 
In the narrow area of the semi-bridge, nine bo -
rings (Figure 1) were carried out in order to 
identify the subsurface geology, to obtain sam-
ples for laboratory testing and to install incli-
nometer tubes for determining the depth and shape 
of probable slides. Installation of four open 
standpipe piezometers at one single location for 
monitoring the underground water level was also 
censidered necessary., even _ if .. -the- surface recon-
naissance and previous investigations showed that 
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ground water table was almost at sea level. 
Finally, a surface surveying was carried out to 
monitor movements of the ground surface,to deter-
mine the extent of landslide activity and the 
rate of movement. For this purpose the slope of 
"AKTEA" has been covered by benchmarks and tran-
sit stations located on stable ground and a net 
of hubs for which subsequent movements could be 
determined. 
Drilling of boreholes and installation of incli-
nometers and piezometers was carried out in Ja-
nuary - February of 1985 and monitoring started 
in March 1985 and ended in May 1987 because of 
the distortion of the tubes due to sliding. The 
surface surveying started in the summer of 1986 
and is still in progress. 
RESULTS AND DISCUSSION 
In Figure 8 a typical soil profile is shown ba-
sed on. the logging of borehole B2. As is shown 
in this Figure the narrow area of the semi-bridge 
consists of alternating layers of conglomerate, 
sandstone and marl, whereas the upper 1 - 2 me-
tres consist of fill material. The thickness of 
the well cemented polymictic conglomerate is 
about 3 metres. The. S!'!.ndstone is friable and mar-
ly or well cemented and its thickness varies from 
3 to 4 metres. The marl is hard in greater depths 
~nd presents some slickensided surfaces. The SPT 
yellow MARL 
Brownish yellow. friable 
marly SANDSTONE 
Brownish yellow to brown 
hard MARL, with slicken-
sided surfaces. 
Pockets of fine sand. 
Brownish yellow, medium 
to well cemented SAND-
STONE 
Well ~eel, polymictic 
CONGLOMERATE with inter-
calations of ~andstone. 
Brownish ,etlow MARL 
with few gravels in 
places. 
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values for the surficial layers of marl range be-
tween 10 and 30 whereas in greater depths these 
marls present a refuse to SPT sampler penetration. 
Atterberg limit determinations on samples of marls 
obtained from borings, showed that most of mate-
rial can be classified as CL (low to medium pla-
sticity clays) or CH (high plasticity clays), 
whereas samples of friable sandstone or pockets 
of sand can be classified as SM (silty sand). 
As it was impossible to take undisturbed samples 
of marl, because this was very hard and the use 
of thin wall samplers prohibitive, laborarory 
testing was restricted only to the estimation of 
its residual shear strength characteristics, by 
using the ring shear apparatus (Bromhead, 1979). 
The .residual shear strength characteristics of 
marl, as found in this apparatus using remolded 
material with a water content approximately at 
the plastic limit, was c; ~ 0 and ~; ~ 14°- 16~ 
These values are very low considering other marls 
of various sites in Greece, (Tsiambaos,1987), but 
this can be explained by the low calcium carbona-
te contentof"AKTEA"marls (< 20%) as it was de-
termined by chemical analyses. 
Regarding the location .of underground water level, 
the open standpipes showed no evidence of water 
above the sea level. It must be noted that for 
an accurate exploration of the underground water 
level the.four standpipe piezometers were instal-
led close, to each other and had different lengths. 
Their perforated sections were at different le-
vels so that they covered totally a depth up to 
25 metres. In this way any groundwater level (free or perched) could be easily detected. 
The data from the inclinometers B1, B2, B3 de-
monstrated conclusively that slope failure was 
ocett.n:ing along a surface 2. 5 to 4. 0 metres below 
the foundation level of the piers of the semi-
bridge·and in a depth 6- 8 m below the road le-
vel. Analyses of the inclinometer B4 data instal-
led downhill from the semi-bridge showed the 
existence of a slide in a depth of 8m while data 
from inclinometer B5 installed uphill from the 
semi-bridge (Figure 1) located the slide surface 
in a depth of approximately 5.8 m. The mean rate 
of movements (total horizontal displacements) was 
very low, locally varying between. 0. 6 and 2. 0 
cm/year,.whereas the movement direction was N5°W 
to N25°E, towards the coast. The movement rate 
varied seasonally, being greatest in spring and 
early ·summer and least during fall and winter. 
Figure 9 shows the angular variation and the re-
sulted horizontal displacement for inclinometer 
B2 during the period 18.4.1985 and 19.2.1987, 
whereas in Figure 10 the total horizontal dispace-
ment (N6°E direction) with time, is illustrated. 
!he data from the inclinometers B6, B8 and B9, 
~nstalled eastern from the semi-bridge (Figure 1) 
showed the same type of sliding as above in a 
depth of about 7.5 - 8.5 m below the surface of 
the new road. On the contrary, inclinometer B7 
show~d no evidence of sliding and so it could be 
cons1dered that the location of this inclinometer 
is out of the limit of the observed landslide. 
Surface surveying which is still in progress 
showed a 'definite horizontal displacement of slo-
pe surface only in the narrow area of B6 B8 and 
B9 inclinometers and also a differential'movement 
of the wing-walls of the semi-bridge. 
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Fig. 9 Movement of Inclinometer B2 
·On the basis of the geological data, the logs of 
boreholes and inclinometers data, the geological 
cross section across the inclinometers BS, BZ and 
B4, of a direction NNE to SSW, was able to be 
drawn as it is illustrated in Figure 11. As is 
shown in this Figure the slip surface is a rather 
undulating one which crosses the marl layers as 
well as the layers of conglomerates and sandsto-
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Fig. 10 Total Horizontal Displacement of Inclino-
meter B2 with Time 
through the mass of marls, but the sliding surfa-
ce follows the joints and cracks of conglomerates 
and sandstones which are mainly subjected to ex-
tension and not to shearing. It is believed that 
the structure of the conglomerates and sandstones 
above the sliding surface has been disturbed due 
probably to an old landslide. 
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Fig. 11 Geological Cross Section and Location of Slip Surface 
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The landslide seems··· to .exten:d'< under the' bot-' 
tom of the sea and in a remarkable distance from 
the coast line. Evidence to support this, are 
some characteristic geomorphological features on 
the bottom of the sea such as long open cracks 
and ridges which are easily observed under favor-
able weather conditions. 
Janbu (1973) and Morgenstern and Price (1965) 
methods of slope stability analysis were used to 
analyze the slip surface assuming the sliding 
mass to be in a state of limiting equilibrium and 
a piezometric grade line coincident with the sea 
level. Drained strength parameters of ~-= 14°-
15~ c'= 0 were backfigured as the average strength 
acting on the slip surface producing a safety 
factor of unity. It must be noted that the sec-
tions analyzed were slope configurations with : 
a) the crest of the landslide located in the up-
hill area (inside the housing estate) where the 
main scarps are easily noticeable, and the toe 
close to the semi-bridge and b) the same location 
for the crest of the landslide but with toe loca-
ted at the sea bottom and at a distance from the 
coast line which is found following the curvatu-
re of the slip surface drawn in Figure 11. 
The average soil strength parameters estimated 
from the above slope analyses were very close to 
the residual shear strength parameters of the 
marly soil confirming that : a) the landslide 
occuri:il!g in this area is an old one but still ac-
·tive and b) the major part of the length of the 
slip surface passes through the mass of the lay-
ers of marls. 
It is well known that some actual or potential 
slides can be stabilized by means of piles (piers) 
driven or bored into stahle underlying soil. In 
the case of the semi-bridge considered in this 
article, it is expected that a drilled cantilever 
pier wall downhill from the semi-bridge to stabi-
lize the slope, has the advantage of being instal-
led without significantly decreasing slope stabi-
lity during its construction. In addition such 
a construction seems to be particularly advanta-
geous in that it may be constructed with the mi-
nimum of excavation. It has been observed that, 
excavation downhill from the national road and 
adjacent to the area of the semi-bridge for foun-
dation construction of a villa resulted in a large 
instability of the uphill region and in severe 
cracks of the national road pavement. Consi~ering 
that.,in urban areas such "AKTEA" the rights-of-
way are restricted, the authors favoured and 
adopted the solution of a drilled cantilever pier 
wall suitably instrumented for future monitoring 
together with a series of subsidiary measures 
which are now under design. 
CONCLUSIONS 
The conclusions that may be made from the case 
history concerning the behaviour and performance 
of the semi-bridge and analyses described in the 
article are as follows: 
- the existence and implications of the old land-
slide in ·the area of "AKTEA" were not recogni-
zed almost ZO years ago when the works for buil-
ding the summer-housing estate were designed 
and constructed. 
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visual reconnaissance and incomplete field stu-
dies c~uld not approach the real situation and 
the landslide was considered as a superficial 
creep. 
- the monitoring of the mass movements showed de-
finite but very slow landsliding in a depth of 
6 - 8 m below the road level and 2.5 to 4.0 m 
below the foundation level of the piers affect-
ing the overall stability of the semi-bridge. 
- the residual shear strength parameters of marly 
soils obtained from laboratory testing were re-
presentative of the actual in situ mobilized 
strength of the soils involved and subjected 
to continous landsliding. 
- sin.ce, the national road from Athens to Sounion 
is of a great importance, the stabilization of 
the landslide in "AKTEA" area is an indispen-
sable work to be done. The solution of the 
construction of a pier wall downhill from the 
semi-bridge seems to be attractive and together 
with some secondary remedial mesures has been 
adopted and is now under design. 
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